Increased white blood count (WBC) is a conventional inflammatory marker, which co-relates well with several cardiovascular disease risk factors, diabetes, and its sequel. [6] [7] [8] [9] [10] Apart from WBC count, inflammatory markers such as interleukin (IL)-1, IL6, IL8, transforming growth factor β1, tumor necrosis factor-α have been linked to end organ damage in diabetes. [11] [12] [13] [14] [15] Limitations of these markers include lack of their availability in routine clinical practice compounded by the associated increased expenses and assay standardization. [16, 17] Among the multiple parameters of complete blood count, the neutrophil-lymphocyte ratio (NLR) has been studied extensively as an inflammatory marker in cardiac and noncardiac diseases. NLR has been suggested to be a prognostic marker in acute myocardial infarction, heart failure, and stroke. [4, 5] NLR stands out as a novel marker of chronic inflammation that reflects a counterbalance between two complementary components of the immune system; neutrophils being the active nonspecific mediator of inflammation, whereas lymphocytes acting as the protective or regulatory component of inflammation. [18, 19] Data are lacking on the role of NLR as a predictor of end-organ damage in Indians with T2DM. This study, therefore, aimed to evaluate whether NLR has a role in predicting diabetic microvascular complications such as retinopathy, neuropathy, and nephropathy in Indians.
subjects and methods
This was a cross-sectional observational study. Consecutive patients with T2DM attending the outpatient services of two different hospitals in central and northern India were considered for this study. The exclusions were patients with T1DM; patients with infections or recent history of infections in the past 1 month, otitis media, viral hepatitis, pyrexia of unknown origin, parasitic infection, viral infection, tuberculosis, local infection, skin infection, AIDS; patients with known systemic disorder such as cardiovascular disease, chronic kidney disease, chronic liver disease, blood disorders, autoimmune disorders, malignancy, poisoning; patients on anti-inflammatory drugs, systemic or topical steroids, drugs acting on the renin-angiotensin aldosterone system, alcohol; patients with uncontrolled blood pressure; patients having diseases affecting urinary protein excretion as nephrotic syndrome, urolithiasis, renal insufficiency, renal artery stenosis, dehydration state, urinary tract infection, and patients having low glomerular filtration rate (GFR) without microalbuminuria. The study protocol was explained to the patients and those who gave informed written consent were included in the study. The study duration was March 2015 to April 2017. The Institutional Ethics Committee of both the hospitals approved the study.
Information was collected from the patients on their duration of T2DM, treatment history, age and sex. Data were collected on the anthropometric parameters and vitals of the patients (height, weight, waist to hip ratio [WHR], body mass index [BMI], pulse rate, and blood pressure). Blood samples of 5 mL each were collected in plain and ethylenediaminetetraacetic acid vacutainer (Becton Dickinson). Serum was separated from blood collected in plain vacutainer and processed immediately for routine biochemical analysis. Clinical chemistry autoanalyzer based on dry chemistry microslide technology (VITROS 350 chemistry system, Johnson and Johnson, USA) was used for investigations such as kidney function tests, blood glucose parameters, and urine analysis. Ultrasonography abdomen was done for the evaluation of kidney echotexture and size. GFR was calculated using Chronic Kidney Disease Epidemiology Collaboration formula. Albuminuria was tested by MICRAL-II TEST strips by dipstick method. Urinary albumin excretion of 20-200 mg/L was defined as microalbuminuria and >200 mg/L was defined as overt albuminuria. The presence of albuminuria was reconfirmed by testing of urine sample again after 1-week follow-up. Only those patients who had persistent albuminuria on both the testing were defined to have albuminuria in this study. A patient was defined to have diabetic kidney disease if GFR was <60 mL/min/1.73 m 2 and / or presence of albuminuria >20 mg/L. [20] Digital fundus photography was done to assess diabetic retinopathy. Diabetic retinopathy was diagnosed using the Early Treatment Diabetic Retinopathy Study criteria. [21] Nerve conduction velocity studies were done of all limbs to assess for and diagnose diabetic neuropathy. [22] Among the macrovascular complications of T2DM only coronary artery disease (CAD) was screened for in the study cohort. Clinical and/or electrocardiogram (ECG) evidence of CAD was used for diagnosis in this study. [23] 
Statistical analysis
Normality of the distribution of variables was checked using the Kolmogorov-Smirnov test. Continuous variables were expressed as mean ± standard deviation nonnormally distributed (skewed) variables were expressed as median [25 th -75 th percentile]. Analysis of variance (ANOVA) with post hoc analysis and Kruskal-Wallis nonparametric (ANOVA) with Dunn's postcorrection was performed for normally and nonnormally distributed variables, respectively. Chi-squared tests were used for categorical variables. The value of P < 0.05 was considered statistically significant. Statistical Package for the Social Sciences (SPSS) version 16 (Chicago, IL, USA) was used for analyses.
Results
A total of 298 patients were considered for this study (155 from Bhopal and 143 from New Delhi). The study protocol and the associated investigations were explained, and only those who gave informed written consent were included for the study. Fifteen patients refused to consent for the study, and 18 patients did not turn up for the necessary investigations, hence excluded. Data from a total of 265 patients (143 from Bhopal and 122 from New Delhi) who fulfilled all criteria and gave consent were analyzed in this study. Mean age of the patients in this study was 51.12 ± 11.28 years, having disease duration of 3 [1-8 years], BMI 25.93 ± 4.15 kg/m 2 and HbA1c of 8.55 ± 1.78%. The occurrence of hypertension, neuropathy, nephropathy, retinopathy, and CAD among patients in this study was 12.8% (n = 34), 18.5% (n = 49), 41.5% (n = 110), 62.3% (n = 165), and 3.8% (n = 10), respectively. Analysis performed on the basis of quartiles of NLR revealed that patients in the higher quartiles of NLR had a significantly higher occurrence of diabetic nephropathy, albuminuria, retinopathy, and CAD [ Table 1 ]. These patients also had significantly longer duration of diabetes and lower GFR [ Table 1 ]. Analysis based on the number of microvascular complications a patient has revealed that patients with a larger number of microvascular complications had a significantly longer duration of diabetes, higher WHR, higher blood pressure, NLR (with a comparable total leukocyte count), creatinine, and urine albumin excretion [ Table 2 ]. NLR had significant correlation with diastolic blood pressure (σ: 0.163; P = 0.008), urine microalbumin excretion (σ: 0.331; P < 0.001), and GFR (σ: −0.144; P = 0.019). Correlation (σ) between NLR and age was 0.113, which approached statistical significance (P = 0.065). Binary logistic regression analysis revealed that NLR followed by BMI were the best independent predictors of the occurrence of microvascular complications in patients with T2DM [ Table 3 ].
The areas under the receiver operating characteristic curves (AUCs) were constructed to evaluate the predictive values of NLR for predicting the microvascular complications (25 th to 75 th percentile), P value calculated using one-way ANOVA, *Not normally distributed, Kruskal-Wallis one-way ANOVA used for analysis, normality checked using Kolmogorov-Smirnov test, P<0.05 considered statistically significant, # P value calculated using Chi-square test. BMI: Body mass index, WHR: Waist hip ratio, TLC: Total leucocyte count, NLR: Neutrophil-lymphocyte ratio, GFR: Glomerular filtration rate (calculated using CKD-EPI formula), FBG: Fasting glucose, PPBG: Postprandial blood glucose, HbA1c: Glycated haemoglobin, SD: Standard deviation, ANOVA: Analysis of variance, CKD-EPI: Chronic kidney disease epidemiology collaboration of T2DM. NLR had an AUC of 0.888 (95% CI: 0.848-0.929; P < 0.001) in predicting the occurrence of albuminuria (micro/overt albuminuria) in T2DM [ Figure 1 ]. An NLR of 2.00 had a sensitivity and specificity of 86.4% and 69%, respectively, in predicting albuminuria in T2DM [ Figure 1 ].
Figure 1:
The areas under the receiver operating characteristic curve were constructed to evaluate the predictive values of neutrophil-lymphocyte ratio for predicting albuminuria in type-2 diabetes. Neutrophil-lymphocyte ratio had an areas under the receiver operating characteristic curve of 0.888 (95% CI: 0.848-0.929; P < 0.001) in predicting the occurrence of albuminuria (micro/overt albuminuria) in type-2 diabetes mellitus NLR had an AUC of 0.708 (95% CI: 0.646-0.771; P < 0.001) in predicting the occurrence of retinopathy (nonproliferative/ proliferative/maculopathy) in T2DM [ Figure 2 ]. An NLR of 2.00 had a sensitivity and specificity of 64.2% and 63%, respectively, in predicting retinopathy in T2DM. NLR was not a significant predictor of occurrence of diabetic neuropathy (AUC: 0.572 [0.487-0.657; P = 0.116). NLR was a significant predictor of CAD in this study (AUC: 0.768 [0.599-938]; P = 0.004). NLR of 2.00 had a sensitivity and specificity of 80% and 47.1%, respectively, in predicting CAD.
dIscussIon
Inflammatory molecules and endothelial dysfunction have known to play an important role in the development of insulin resistance, diabetes and associated microvascular and macrovascular complications. [3, [23] [24] [25] [26] [27] Neutrophilia and relative lymphocytopenia have been shown to be independent markers such as nephropathy, neuropathy, and retinopathy in previous studies from Caucasians. [5, [26] [27] [28] [29] [30] However, similar data on the utility of NLR among Indians with diabetes are not available. The study highlighted that NLR can be a cheap and reliable predictor of the occurrence of microvascular complications in Indians with T2DM. Patients in the highest NLR quartile had a significantly higher occurrence of nephropathy and retinopathy. Among the microvascular complications, based 0.012 All continuous variables expressed as mean±SD. *All nonnormally distributed variable expressed as median (25 th to 75 th percentile), P value calculated using one-way ANOVA, *Not normally distributed, Kruskal-Wallis one-way ANOVA used for analysis, normality checked using Kolmogorov-Smirnov test, P<0.05 considered statistically significant, # P value calculated using Chi-square test. BMI: Body mass index, WHR: Waist hip ratio, WHtR: Waist height ratio, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, TLC: Total leucocyte count, NLR: Neutrophil-lymphocyte ratio, GFR: Glomerular filtration rate (calculated using CKD-EPI formula), FBG: Fasting glucose, PPBG: Postprandial blood glucose, HbA1c: Glycated haemoglobin, SD: Standard deviation, ANOVA: Analysis of variance, CKD-EPI: Chronic kidney disease epidemiology collaboration on the receiver operating characteristic curve analysis, NLR was the best predictor of nephropathy followed by retinopathy.
WBC count and its components are classic inflammatory markers that are commonly available and inexpensive to measure. [31] However, there are multiple biases associated in establishing a diagnosis individually with either WBC, neutrophil, or lymphocyte counts. NLR, on the other hand being a dynamic parameter has a higher predictive value. [28, 29, 32] NLR has been previously demonstrated to have a prognostic marker role in various malignancies. [33] [34] [35] Recent studies have also highlighted the importance of NLR as a prognostic marker for vascular diseases and cardiovascular events. [36, 37] NLR has been linked with hypertension, the severity of glucose intolerance, and insulin resistance. [38] [39] [40] Our results are in concordance with Huang et al. who also found that NLR was significantly higher in diabetic patients with evidence of nephropathy as compared to those without nephropathy. [41] Similarly in another study, Akbas et al. [42] have shown that NLR was significantly increased in patients with increased albuminuria indicating an association between inflammation and endothelial dysfunction in diabetics with nephropathy. Afsar has shown that NLR could be related to diabetic nephropathy and is also correlated as a predictor of end-stage renal disease. [43] Another 3 years follow-up study of diabetic patients, found NLR to be a prognostic indicator for a decline in renal function. [44] Moursy et al. have also shown that NLR values to be significantly higher in diabetic patients with nephropathy (P < 0.001) than those of diabetic patients without any microvascular complications and healthy control subjects. [45] A recently published study in Turkish patients has also shown that NLR significantly correlated with albuminuria. [46] In this study, NLR did not correlate with the occurrence of neuropathy. This is in sharp contrast with a study conducted in Egyptian patients, which has shown that NLR was significantly higher among patients with diabetic neuropathy. [45] The ethnic difference, heterogeneity in a cohort of patients evaluated may explain this difference. Similar to our findings, Yue et al. have also shown that patients with diabetic retinopathy had increased NLR values as compared to diabetics who did not have retinopathy. [47] Ulu et al. in another study demonstrated NLR to be a quick and reliable prognostic marker for diabetic retinopathy and its severity. [48] However in contrast to our results, Ciray et al. found NLR not to be significantly different between patients with or without diabetic retinopathy. [49] Use of ECG for diagnosis of CAD is a limitation of this study, as ECG alone has poor sensitivity and specificity in the diagnosis of CAD. [23] conclusIon It may me said that NLR may be considered as a predictor and a prognostic risk marker of diabetic nephropathy and retinopathy in Indians. Further research is recommended to shed light on the lack of association of NLR with diabetic neuropathy in Indians. NLR is a simple and easy to calculate. This test is inexpensive and done routinely. In a setup with limited laboratory facilities, NLR can be a cheap effective alternative marker as predictor of diabetes end-organ damage.
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Figure 2:
The areas under the receiver operating characteristic curve were constructed to evaluate the predictive values of neutrophil-lymphocyte ratio for predicting retinopathy in type-2 diabetes. Neutrophil-lymphocyte ratio had an areas under the receiver operating characteristic curve of 0.708 (95% CI: 0.646-0.771; P < 0.001) in predicting the occurrence of retinopathy (nonproliferative/proliferative/maculopathy) in type-2 diabetes mellitus
